Summary
Introduction
Variance in offspring phenotypes, upon which natural selection may act, is due to individual differences in genotype, environment and /or maternal effects. One phenotypic trait that may have important fitness correlations in juveniles is growth rate (Huey & Stevenson 1979; Dunham, Grant & Overall 1989; Sinervo & Adolph 1994; Sogard 1997) . Offspring growth in reptiles, for example, might be influenced by several variables, including egg size (Congdon & Gibbons 1985; Packard & Packard 1988 ) and egg quality (preovulatory parental investment; Congdon & Gibbons 1985) , which comprise maternal effects (Bernardo 1996a (Bernardo , 1996b . Differences in egg size include differences in water, shell content or yolk, while differences in egg quality include differences in the proportion of polar (structural) vs non-polar (reserve) lipids in the egg (Congdon & Gibbons 1985) . Maternal effects may also include endogenous yolk steroid hormones (Janzen et al . 1998 ). Other possible sources of variation in offspring phenotype include environmental factors such as egg incubation temperature and substrate moisture potential (Ewert 1985; Packard & Packard 1988) , and possible genetic effects attributable to one or both parents (Travis 1980 (Travis , 1983 Mitchell 1990) . Despite these diverse possible sources of variation in growth, studies of variation in growth rates of reptiles have often been considered in terms of incubation conditions while the potential for variation due to genetic effects has been largely ignored.
Several studies have found incubation conditions to affect posthatching growth in turtles (Brooks et al . 1991; Bobyn & Brooks 1994a ,1994b Spotila et al . 1994; Rhen & Lang 1995; O'Steen 1998) . For example, Bobyn & Brooks (1994b) found that mass-specific growth rate was highest in juvenile Snapping Turtles from eggs incubated at 25·5 ° C as compared with those hatched from eggs incubated at either 22·0 or 29·3 ° C. In another study, growth rate was highest in juvenile Snapping Turtles hatched at 24·0 and 26·5 ° C as compared with those hatched at 29·0 ° C (Rhen & Lang 1995) , and in yet another study, growth rate of juvenile Snapping Turtles was correlated negatively with egg incubation temperature from 21·5 to 30·5 ° C (O'Steen 1998). Thus, for previous studies, it appears that egg incubation temperature affects growth in an inconsistent manner.
However, many studies that examined posthatching growth in turtles in relation to egg incubation temperature (Brooks et al . 1991; Bobyn & Brooks 1994a , 1994b Rhen & Lang 1995 ; O'Steen 1998) did not control several potentially confounding extrinsic effects on growth (Andrews 1982) , including social interactions and thermoregulatory opportunities (but see McKnight & Gutzke 1993; Spotila et al . 1994) . Specifically, those studies housed posthatching turtles in common environments, such that turtles were in contact with each other, were given the ability to bask and/ or thermoregulate and could compete for food. Social interactions can affect feeding and growth rates of reptiles and amphibians (Andrews 1982) : in laboratorystaged dominance interactions, larger Snapping Turtles often won contests for food items over smaller Snapping Turtles (Froese & Burghardt 1974) . Intraspecific competition for food may also be densitydependent (Wilbur & Collins 1973) . Furthermore, individuals may compete for basking sites if sites or opportunities are a limited resource. Consequently, differences among individuals in thermoregulatory behaviour affect body temperature (Sinervo 1990; O'Steen 1998) , and can consequently affect rates of growth (Sinervo 1990 ). For example, juvenile Trachemys scripta that lived in a pond heated with thermal effluent had higher growth rates than individuals from nearby non-heated ponds (Gibbons 1970) , and also exhibited higher consumption rates with increasing temperature (Avery et al . 1993) . Elevated body temperatures increased digestive rates of the lizard Dipsosaurus dorsalis (Harlow, Hillman & Hoffman 1976) and of the snake Vipera aspis (Naulleau 1983 ). In addition, preferred body temperature of turtles was affected by nutritional status (Gatten 1974) . Finally, within populations of the lizard Sceloporus occidentalis , individual growth rate was positively correlated with body temperature, and behaviours involved in thermoregulatory differences among individuals were thought to have a genetic basis (Sinervo 1990 ). Thus, interindividual differences in body temperature can affect growth via differences in consumption rates, digestive efficiencies and digestive rates, and therefore may confound studies of individual growth. Differences in thermoregulatory and social behaviour in their own right are most likely to be the result of environmental (O'Steen 1998), maternal or genetic factors (Sinervo 1990 ), but these behavioural sources of variation need to be distinguished from physiological ones.
In this study, we tested the effects of incubation temperature, maternal effects and family effects on growth rates of Snapping Turtle Chelydra serpentina (Linnaeus 1758) individuals. We chose egg size as the maternal effect most likely to affect the growth of turtles, as egg size is related to the amount of yolk in the egg, and thus may affect not only mass at hatching, but also the amount of residual yolk that can be used by the turtle for posthatching growth. We housed juveniles individually and thus avoided thermoregulatory opportunities and social interactions that may obscure the direct effects of incubation temperature, maternal effects and family effects on growth rates. Specifically, we tested the following hypotheses: (1) egg incubation temperature will affect individual growth rate, (2) family identity will affect individual growth rates, and (3) hatchlings from larger eggs will be larger and will grow faster than hatchlings from smaller eggs.
Materials and methods

 
Twenty-four clutches of Chelydra serpentina (L.) eggs were collected from the John Heinz National Wildlife Refuge in Philadelphia, PA, USA (39 ° 52 ′ 30 ″ N, 75 ° 15 ′ 00 ″ W). Nine clutches were collected in situ and 15 clutches via oxytocin in the laboratory. The nine clutches collected in situ were collected immediately after oviposition, and thus there are probably no early environmental effects. Of the 15 clutches collected via oxytocin, gravid turtles were injected subcutaneously with 19·5 IU kg -1 lyophilized oxytocin (Ewert & Legler 1978) , and oviposition typically began several hours after injection. Method of egg collection had no effect on the growth of turtles (A. C Steyermark & J. R. Spotila, unpublished data). Eggs were weighed ( ± 0·0005 g; Sartorius digital balance, Göttingen, Germany) and marked individually, and were incubated in Hovabator Incubators (G.Q.F. Manufacturing Co., Savannah, GA, USA) using vermiculite as the incubation substrate. A given clutch (mean clutch size = 32 eggs; Steyermark & Spotila 2001 ) was split such that approximately equal numbers of siblings were housed in each of four incubators at each temperature level (26·5, 28·0 and 30·0 ° C ± 0·5 ° C). Water potential of the substrate was -170 kPa, and was checked and adjusted weekly. Water potential was initially determined with a dewpoint microvoltmeter (Wescor, Inc., Logan, UT, USA), and was subsequently checked weekly by weighing incubators. Negative change in total incubator mass was assumed to be due to evaporative water loss, and incubators were rehydrated accordingly with distilled /deionized water. A 24 gauge Cu-Co thermocouple placed in vermiculite in the centre of each incubator and attached to a datalogger (Campbell Scientific, Logan, UT, USA) measured temperatures daily. Thermocouples were accurate to ± 0·05 ° C.
 
Plastic cups were placed around each egg 1 week before the expected hatching date. When an egg pipped, the date and identity of the embryo was recorded, the embryo was placed in a plastic shoebox (29 cm × 15 cm × 9 cm) with a small amount of moistened vermiculite, and the shoebox was placed in an environmental chamber (Rheem Manufacturing Company, Asheville, NC, USA) set at 24 ° C. Upon full emergence (hatching), the date, hatchling mass, carapace length and plastron length were recorded, the individual was placed in 1-2 cm of water and the shoebox was placed in a laboratory at ambient temperature (25 ° C ± 2 ° C). Twenty-five degrees is within the preferred body temperature range of young Snapping Turtles (Williamson, Spotila & Standora 1989) , and laboratory air temperature where the shoeboxes were kept was measured daily. Overall hatching success was 42·4%, incubation duration was 71·4 days, mean carapace length was 28·1 mm and mean plastron length was 19·9 mm (Steyermark & Spotila 2001) . When turtles were 7 days old, tap water was added to the shoebox to a depth of 5 cm. All shoeboxes were kept on shelves and exposed to the natural daily light /dark cycle supplemented with overhead fluorescent lights during work hours; hence all individuals received diffuse natural light. All shoeboxes were haphazardly placed on shelves, off the ground, away from windows, in the same area of the laboratory, and were in close proximity of each other (within a 2 m × 2 m area). Placement of shoeboxes on shelves was changed at random weekly. All individuals received similar treatment: as no basking was possible, all individuals experienced similar water temperatures, and thus body temperatures as well. Individuals subsisted on their yolk sac reserves for 21-28 days postemergence. A twice-weekly feeding regime of 1 g dry aquatic turtle food (Zoo Menu, Zoo Med Laboratories, San Luis Obispo, CA, USA) was started when individuals were 21-28 days old, and shoeboxes were cleaned once weekly. Two grams of food per week were provided ad libitum until individual mass reached ≈ 80 g.
    
Growth rates were determined for 254 Snapping Turtle individuals representing 24 clutches. Individuals were weighed ( ± 0·0005 g) at 5-10 days, approximately 25 days (before first feeding) and every 30 days thereafter until 175 days. Turtles were weighed in weekly age classes, such that all individuals were of similar age ( ± 4 days) when weighed each month. For example, during the first week of September, all turtles born during the first week of August were weighed; during the second week of September, all turtles born during the second week of August were weighed, etc.
Individual growth rates were calculated for each measurement interval as follows:
Growth rate = (ln mass n − ln mass n − 1 )/(age n − age n − 1 ) × 10 3 , where n = measurement interval. Overall growth rate for an individual was calculated as the mean of all growth measurements for that individual. Mass instead of length was used as the measure of growth for two reasons. Firstly, individuals exhibit various body shapes (i.e. long and narrow, short and wide) such that carapace length or plastron length may not provide an accurate measure of size relative to other individuals of different body shapes. Secondly, the use of mass facilitated comparison of our results with those of previous studies.
Growth rates and masses of individual turtles were plotted against egg mass and mass at hatching, and linear regression was then used to determine whether significant relationships existed among egg mass, body mass at hatching, body mass at the seven measurement periods, and growth rate. Effects of family identity and incubation temperature on growth of all individuals ( n = 254) representing all clutches ( n = 24) were analysed with a repeated measures analysis of covariance. Turtle masses instead of growth rates were used to avoid potential problems with using ratios in analysis of variance techniques Sokal & Rohlf 1995) . The analysis included mass at hatching and individual mass at 5, 25, 55, 85, 115, 145 and 175 days, and treated family identity, incubation temperature and incubator nested within incubation temperature as main effects, and egg mass as a covariate. Incubator nested within incubation temperature was not significant, so it was dropped out of the final analysis. The model treated family identity as a random effect (Sokal & Rohlf 1995; Beck 1997; Newman, Bergelson & Grafen 1997) . The designation of family identity as a random effect instead of a fixed effect was appropriate for this experimental design because (1) the levels (mothers) were chosen randomly (i.e. we did not seek out specific females), (2) in repetition of this experiment, we would choose new levels (i.e. new clutches), and (3) inferences from this experiment were intended for the general population of levels chosen (Beck 1997) . The data for all analyses met assumptions of sphericity and homogeneity of slopes. Number of individuals per family ranged from 4 to 26 (mean = 11). The Pearson Product-Moment Correlation was used to test the strength of the linear relationship between egg mass and individual variables. In the results section, the term significance means statistically significant at the P < 0·05 level. All statistics were performed with JMP version 3·2 for the Apple Macintosh (SAS 1995) , except for the repeated measures analysis of covariance, which was performed with SAS PROC MIXED 6·12.
Results
In general, individuals gained mass throughout all measurement periods, although growth rates generally decreased at later measurement periods. Mean growth rate for all individuals was 7·21 mg g -1 day
).
Egg mass and hatching mass both affected individual growth throughout the measurement periods. Linear regression indicated that egg mass had a significant positive effect on mass at hatching and individual mass at all eight measurement periods ( P < 0·0001, R 2 values ranged from 0·10 to 0·57), and mass at hatching had a significant positive effect on individual mass at all seven posthatching measurement periods ( P < 0·0001, R 2 values ranged from 0·04 to 0·81). Thus, individuals from large eggs tended to be large at hatching, and they tended to remain large until 6 months of age, compared to conspecifics that hatched from smaller eggs (Fig. 1) . Further, individuals from clutches with small mean egg mass generally hatched at a smaller size, and remained smaller at the end of six months, compared with individuals from clutches with large mean egg masses (Fig. 2) . As turtles aged, the R 2 value for the relationship between egg mass and individual body mass decreased.
Growth trajectories for turtles from the three incubation temperatures were similar (Fig. 3) . However, mean growth rates for each family were different: mean growth rate for turtles from the clutch with the lowest growth rate was 5·76 day -1 , while the mean growth rate for turtles from the clutch with the highest growth rate was 9·20 day -1 . Coefficient of variation for growth rate among clutches was 12·3%. Growth trajectories Fig. 2 . Relationship between egg mass and mean mass of all Snapping Turtles in each family (n = 24). Each set of symbols and associated linear regression line represents a mass measurement period at a particular age since hatching (e.g. 0, 5, 25 days, etc.). Each symbol along a regression line represents the mean mass for all individuals from a family. Symbols and regression lines for day 0 and day 5 are superimposed on one another because mean masses were similar. In general, mean mass of individuals from a family increased with increased mean egg size. Further, families whose offspring were large at birth tended to stay large throughout the measurement period. Variation in mean family mass tended to increase with time. Fig. 1 . The relationship between egg mass and individual body mass of Snapping Turtles (n = 254) at three ages: hatching (day 0), day 85 and day 175. As individuals increased in age, the relationship between egg mass and individual body mass remained the same: individuals from larger eggs tended to remain large through time (P < 0·0001 at all ages). However, the variation in the relationship increased. Regression lines in each plot are from linear regression of individual mass vs egg mass. of each individual, using eight mass measurements, were tested with a repeated measures design. Results indicated that family identity ( P = 0·0063) and egg mass ( P = 0·0001) had significant effects on individual mass trajectories, but incubation temperature did not (Tables 1 and 2 ). Mass at hatching and mass of individuals at 175 days were positively correlated with egg mass, whereas mean growth rate was negatively correlated with egg mass and mass at hatching (Table 3 ). Mass at 175 days was positively correlated with mass at hatching and growth rate (Table 3) .
Discussion

Family identity and maternal effects significantly affected the growth of individual Snapping Turtles, but egg incubation temperature did not. Both egg size and mass at hatching affected individual growth; as expected, mass at hatching (Morris et al . 1983; Brooks et al . 1991; Bobyn & Brooks 1994a , 1994b ) and mass of the individual at 175 days were positively correlated with egg size. In addition, mass at 175 days was positively correlated with mass at hatching, indicating that hatchlings that were larger than their conspecifics at hatching were still larger several months later. Although correlations were statistically significant, R 2 values were low, suggesting either that the biological significance may also be low, or a high level of variation between individuals.
Our results suggest that maternal effects can be significant and persistent: large eggs produced large hatchlings, and large hatchlings at birth produced large turtles at 175 days of age. Although initial egg mass explained a decreasing proportion of the variation in juvenile body mass as the turtles grew, the significant relationship between egg mass and body mass persisted until 175 days. The positive significant relationship between egg size and body mass of 6-month-old turtles indicates that maternal effects can affect offspring phenotype and can persist through ontogeny (Bernardo 1996b) .
However, the ecological significance of the relationship between egg size, hatchling size and individual quality, if any, remains unclear (Congdon 1989) . For some freshwater turtles, the maternal effect associated with large eggs producing large offspring may be particularly important when offspring overwinter and emerge in the spring. Increased freeze-resistance during overwintering due to larger body size and increased foraging ability in the spring due to increased gape size may affect survival rates of turtles. Nevertheless, efforts to explain the adaptive significance of larger eggs and larger hatchlings have been based on theory but lack supporting data. Many arguments are framed in terms of optimal egg size theory (Smith & Fretwell 1974; Brockelman 1975; Parker & Begon 1986; McGinley 1989) , but an acceptable level of variation in reproductive output due to variation in egg size under the optimal egg size model has never been defined in either relative or absolute terms (Congdon 1989). Further, egg size in turtles is often confounded with, and sometimes constrained by, female body size (Congdon & Gibbons 1987) . While it may be intuitive to think that larger size confers selective advantages to individuals, the effect of individual size on survival probabilities in reptiles may depend on the taxon, population, sex and year (Steyermark 1999) .
Our finding that egg incubation temperature did not affect individual growth contrasts with results of previous studies of Snapping Turtles. This discrepancy may be explained by the confound in prior studies between growth rate and individual temperature choice, or by effects of social interactions. Experimental designs used in both Rhen & Lang (1995) and Bobyn & Brooks (1994b) gave turtles the opportunity to thermoregulate and to emerge from the water. Thus, body temperatures experienced by individual turtles Table 1 . Mean growth rates of Snapping Turtles in 1997. Eggs were evenly and randomly distributed across three incubation temperatures: 26·5, 28·0 and 30 °C, and were incubated in the laboratory at -170 kPa. Hatchlings were raised individually in the laboratory at 25 ± 2 °C. Growth rates were calculated for seven measurement periods over 175 days. Growth rate is in units of mg g -1 day -1 (= day -1 ). Growth rates for turtles incubated at the three incubation temperatures were not significantly different from each other Incubation temperature (°C) Growth rate ± SE 26·5 6·99 ± 0·31 28·0 7·38 ± 0·34 30·0 7·83 ± 0·50 Egg mass 0·6885** 0·3207** -0·1686* Mass at hatching 0·1973* -0·4289** Mass at 175 days 0·4404** * P < 0·01, ** P < 0·0001.
may have varied. Because body temperature is tied to digestive rate and metabolic rate of reptiles (Huey & Stevenson 1979; Cossins & Bowler 1987; Dunham et al . 1989; Zimmerman & Tracy 1989; Avery et al. 1993; Beaupre, Dunham & Overall 1993) , growth rates of individuals may have been affected by thermoregulatory differences among individuals (Sinervo 1990) . O'Steen (1998) demonstrated that egg incubation temperature affected temperature choice when individual Snapping Turtles had access to a thermal gradient, and family identity had a significant effect on temperature choice. Finally, Rhen & Lang (1999) reported that egg incubation temperature had marginally significant effects on growth of young Snapping Turtles held in constant temperature pools. However, results were confounded by the turtles' thermal histories (turtles had been allowed to thermoregulate for several months prior to the experiment), and turtles were allowed to interact socially. Egg incubation temperature also affected mass gain in Desert Tortoises (Gopherus agassizzii ), but did not affect their thermal preference . In that study, individuals were kept individually in a constant temperature room, so behavioural thermoregulation and social interactions were eliminated. Therefore, the interaction of egg incubation temperature with posthatching social interactions and thermal preference appears to be complex. Although we eliminated the potential confounding effects of social interaction and thermal preference, turtles in nature certainly do have the opportunity to interact with other individuals and to thermoregulate. Thus results from this study and from previous studies together are important in understanding the effects of egg incubation temperature on growth. We suggest that egg incubation temperature does not directly affect postnatal growth, but that growth is affected by differences in thermal preference induced by egg incubation temperature. More deliberate experiments are needed to test this hypothesis.
Social interactions may additionally confound the relationship between growth rate and egg incubation temperature. Most studies of incubation temperature effects on growth rate have housed individuals in groups (Brooks et al. 1991; Bobyn & Brooks 1994a , 1994b Rhen & Lang 1995 , 1999 ; O'Steen 1998), although McKnight & Gutzke (1993) housed individuals under both solitary and group conditions. In the laboratory, individuals compete for resources such as food (Froese & Burghardt 1974; Brooks et al. 1991 ; A. C. Steyernark & J. R. Spotila, personal observation) and basking and hiding places (A. C. Steyernark & J. R. Spotila, personal observation) when housed in high density. Although individual size appears to affect dominance hierarchies in the laboratory (Froese & Burghardt 1974) , it is not known what other factors affect resource partitioning among individual turtles, e.g. density of individuals, amount of resources and whether all individuals were grouped at once or whether individuals were grouped over time. McKnight & Gutzke (1993) found that Snapping Turtles housed individually generally had higher masses after 14 weeks of age than those housed in groups, even though the density of individuals was similar for both groups, and effects of egg incubation temperature on individual mass were different between individuals housed in solitary and those housed in groups. Some studies of squamate reptiles also suggest that when offspring are housed individually, mean egg incubation does not affect posthatching growth (Shine & Harlow 1996) . Both thermoregulatory behaviour and social interactions between individuals should be controlled in future studies that investigate direct physiological effects of egg incubation temperature on growth.
Sex did not confound egg incubation temperature effects (or lack thereof ) on posthatching growth. Snapping Turtles show temperature-dependent sex determination (TSD), such that the temperature that the embryo is exposed to during the middle trimester of development determines the sex of the resultant turtle. In the John Heinz National Wildlife Refuge (JHNWR) population, eggs incubated at a mean temperature of 26·5 °C produce males, while eggs incubated at 30·0 °C produce females (L. Spotila, unpublished data). Because individuals from this study were marked and released to study survival rates in the wild, and were not sexed, it was not possible to completely separate effects of sex and incubation temperature. Although a non-lethal procedure can be used for sexing young turtles via laparoscopy ), we did not sex individuals so as to avoid possible negative effects on turtles. It is unlikely, though, that sex could have confounded incubation temperature effects (or lack of in this case), for the simple reason that because there was no effect of egg incubation temperature on growth, there could be no effect of sex on growth. Further, Rhen & Lang (1995) used hormonal manipulations to produce male Snapping Turtles at female producing temperatures and vice versa, thereby uncoupling incubation temperature from sex. Resultant turtles exhibited normal gonadal structure and steroid profiles. Incubation temperature, and not sex, had significant effects on growth in turtles (Rhen & Lang 1994 . Therefore, any possible effects of egg incubation temperature on growth appear to be mediated directly through egg incubation temperature rather than through sex.
 
The significant effect of family identity on Snapping Turtle growth rate reported here is supported by most studies that tested for clutch effects on Snapping Turtles (Brooks et al. 1991; McKnight & Gutzke 1993; Bobyn & Brooks 1994b; Rhen & Lang 1995; but see O'Steen 1998) . However, the importance and mechanism of clutch effects are unclear. In this study, family identity significantly affected growth even when egg size was taken into account. Individual differences in growth rates due to family effects may reflect egg quality (i.e. lipid or protein content) or genetic variation. Among family variation in growth rates has been reported for several taxa, including anurans (Travis 1980; Newman 1994) , crocodilians (Hutton 1987 ) and lizards (Sinervo & Adolph 1989; Sinervo 1990) . Hutton (1987) and Sinervo & Adolph (1989) , however, found that thermoregulation posed a confounding effect, and thus it is not possible to conclude whether growth rate differences were due to differences in thermal preference or to some genetic factor. Mitchell (1990) found that both dam and sire affected growth and metamorphic mass of individual Bufo woodhousei tadpoles produced from breeding crosses in the laboratory and field, although effects were more noticeable in the field. Travis (1980) found among clutch variation in specific growth rates for larval Hyla gratiosa raised under similar conditions that controlled for different thermal environments and eliminated competition. He concluded that genetic composition affected larval growth characteristics, and that the divergent growth curves were due to 'genetic variation at the many loci'. In the current study, it is not clear how possible multiple paternity (Galbraith et al. 1993 ) may have affected the pattern of clutch based differences in growth.
Our study is the first to show that significant differences in growth rates among Snapping Turtles from different clutches were not due to differences in incubation temperature, competition or thermal preference. Further, although egg size affected posthatching mass, factors other than egg size also affected growth. Results from this study, which eliminated thermal choice and social interactions among Snapping Turtles, and results from Mitchell (1990) and Travis (1980 Travis ( , 1983 suggest that individual growth rate has a genetic basis in some amphibians and reptiles, irrespective of body temperature effects or resource consumption effects. Genetic effects on growth rate may be realized at one or both of two levels: energy acquisition or energy expenditure. Genetic variation in energy acquisition may be due to differences in quantity of food eaten, gut length, digestive efficiency or processing time, while genetic effects at the level of energy expenditure may be due to differences in mitochondria number, mitochondria density, organ mass or enzyme kinetics.
 
Mean egg incubation temperatures used in this study were similar to soil temperatures that were measured throughout the embryonic development period in nests from which we removed eggs at the JHNWR in 1997 and 1998 (Steyermark 1999) . Although a larger range in incubation temperatures (e.g. 10 °C) may result in significant effects of incubation temperature on growth rates, such a range in incubation temperature would not reflect the within-year range in incubation temperatures at the JHNWR. Data from Wilhoft, Hotaling & Franks (1983) for Snapping Turtle nests in New Jersey, and from Packard et al. (1985) for Snapping Turtle nests in Nebraska, also suggest a fairly narrow range (approximately 5 °C) in mean incubation temperature among nests within years. In other words, while mean incubation temperature may differ between populations or even between years, the difference between hot nests and cold nests within one year and one population is likely to be relatively small. Thus, the results and conclusions concerning the effects of a mean egg incubation temperature on Snapping Turtle growth in this study are relevant to nests and turtles in nature and are thus realistic (Bernardo 1998) . It is important to note, however, that nest temperatures in nature experience daily variation, and that the magnitude of that variation may affect offspring phenotype even when mean egg incubation temperature does not (Shine & Harlow 1996) .
Although individuals in this study did not have the opportunity to thermoregulate, body temperatures of turtles in nature would probably vary. The degree to which turtles could achieve a given body temperature would be constrained by several biotic and abiotic factors (Porter & Gates 1969; Spotila & Standora 1985; Spotila, Foley & Standora 1990) . Constraints include availability of suitable water temperatures, competition and predation pressures. The level to which growth rates of Snapping Turtles in natural habitats can be affected by differences in thermal characteristics of their home ranges and thermal preference is unknown. Water temperatures taken at JHNWR during June and July 1998 where several species of turtles are found indicate little spatial variation in water temperature (<2·5 °C) from the surface, to 5, 10, 30 and 50 cm in depth (A. C. Steyermark, unpublished data). These data suggest that at the JHNWR during summer months, thermoregulatory opportunities of young Snapping Turtles may be limited, and thus differences in growth rates due to thermal preference may be minimal. However, thermal gradients may develop in shallow pond margins, providing individuals with the opportunity to thermoregulate in such shallow areas.
The magnitude and direction of effects of individual body size and growth rates on survival rates and fitness may depend on strength of competitive interactions. Although Froese & Burghardt (1974) reported competitive interactions for food between Snapping Turtles, laboratory-staged encounters may bear little resemblance to natural situations, and extent and effects of competition between individuals in nature is unknown. In productive habitats or in years when hatching success is low, competition for resources may be low, such that differences in mass at hatching or growth rates may be less important. In this case, female Snapping Turtles that produce many smaller eggs may have a fitness advantage over females that produce fewer larger eggs. In less productive habitats, or if individual density is high, competitive interactions may increase and growth rates and size at hatching may be more important in determining survival rates and fitness. Here, females that produce fewer big eggs, or individuals with higher growth rates, may have a fitness advantage over females that produce several smaller eggs, or over females whose individuals have lower growth rates or are smaller at hatching.
Finally, effects of variation in growth rates due to family effects on individuals in the field may be significant. Interindividual differences in growth patterns, and thus in energy acquisition or energy expenditure, can affect individual energy budgets and fitness (Congdon, Dunham & Tinkle 1982; Dunham et al. 1989 ). Field metabolic rates and growth rates in garter snakes (Thamnophis sirtalis) showed significant interindividual variation; field rates of energy expenditure, energy intake and growth were positively intercorrelated among individuals (Peterson, Walton & Bennett 1998) .
